Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




© Publication number: 


0 4351 24 A2 


EUROPEAN PATENT APPLICATION 


© Application number: 90124430.1 

© int. CIA C08G 64/30, C08L 69/00, 

\£y USX9 Or Wing: 1 7,1 2.90 

C08K3/00, C08K 5/15 , 

© Priority: 28.12.89 JP 344042/89 

(P) ADDlicant* GE PLASTICS JAPAN Limlteri 

30.03.90 JP 85218/90 

7-2, 3-Chome. Nihonbashl-Honeho 

03.08.90 JP 207076/90 

Chuo-Ku. Takvo/JPl 

03.08.90 JP 207078/90 


© Inventor: Sakashita, Takeshi 

© Date of publication of application: 

1-40 Ohaicho 3-choms 

03.07.91 Bulletin 91/27 

Iwakuni City, Yamaguchi Pref.(JP) 


Inventor - Shimoda Tomnaki 

® Designated Contracting States: 

4-9 Waki 2-chome Waki-Chn 

DE ES FR GB IT NL 

Kuaa-aun Yamaauchl Prof r.ipt 


Inventor: Itol, Hideyuki 


134-135 Yamamoto-Cho 


Utsunomiya Clty(jp) 


Inventor: Nagai, Takashi 


7-20 MInamisakae 2-chome 


Otake-City, Hiroshima Pref.(JP) 


Inventor: Klshlmura, Kotarou 


2-3-302 Muronoklcho 1-Chome 


Iwakuni City, Yamaguchi Prefecture(JP) 


© Representative: Catherine, Alain 


General Electric France Service de Propriety 


Industrielle 18 Rue Horace Vernet 


F-92136 Issy-Les-Moulineaux Cedex(FR) 


© Processes for preparing aromatic polycarbonates. 

© According to the present invention, there is provided an improvement which comprises adding an acid 
compound and if necessary an epoxy compound to a reaction product resulting from melt polycondensation 
reaction of an aromatic dihydroxy compound with a carbonic acid diester in the presence of an alkaline 
compound catalyst. 
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PROCESSES FOR PREPARING AROMATIC POLYCARBONATES 


FIELD OF THE INVENTION 

This invention relates to processes for preparing aromatic polycarbonates, by which aromatic polycar- 
bonates excellent in heat resistance, molding stability, water resistance and weathering resistance can be 
5 prepared. _ 

This invention also relates to aromatic polycarbonate compositions having excellent heat resistance, 
molding stability, water resistance and weathering resistance. , 

BACKGROUND OF THE INVENTION 

TO 

• Because of their excellent mechanical characteristics, such as impact strength, and because of their 
excellent heat resistance and transparency, polycarbonates are widely used for various purposes. 

Usually, polycarbonates are prepared by direct reaction of aromatic dihydroxy compounds such as 
bisphenol with phosgene {interfacial method) or by ester interchange reaction (polycondensation reaction) 
is with carbonic acid diesters such as diphenyl- carbonate. 

In a process of preparing polycarbonates by ester interchange reaction of aromatic dihydroxy com- 
pounds with carbonic acid diesters, the reactants are allowed to react in a molten state by heating under 
reduced pressure usually in the presence of alkaline compounds used as alkaline catalysts. This process, 
therefore, has such an advantage that the desired polycarbonates can be prepared at a relatively low cost in 
20 comparison with the above-mentioned interfacial method. 

Such alkaline catalysts as mentioned above are preferably those containing alkali metal compounds 
and/or alkaline earth metal compounds from the standpoint that the ester interchange reaction or poly- 
merization reaction can proceed thereby at a sufficient rate. 

However, we have discovered disadvantages resulting from the use of these alkaline catalysts. The 
25 alkali metal compounds and or alkaline earth metal compounds contained in the catalysts remain in the 
resulting polycarbonate in large amounts, and the remaining compounds adversely exert serious influences 
upon heat resistance, molding stablility (melt stability when molding), water resistance and weathering 
resistance inherent in polycarbonate. 

On that account, it has been strongly desired the advent of a process for preparing aromatic 
30 polycarbonates excellent in heat resistance, water resistance and weathering resistance, and also stable 
even when allowed to stand in a molten state for an extended period of time in a case where the desired 
aromatic polycarbonates have been intended to obtain by melt polycondensation of aromatic dihydroxy 
compounds in alkaline compound catalysts with carbonic acid diesters. In addition, it has also been strongly 
desired the advent of an aromatic polycarbonate composition having the above-mentioned properties. 

35 

OBJECT OF THE INVENTION 

The present invention is intended to reduce such drawbacks associated with the process as mentioned 
above, and an object of the invention is to provide processes for preparing aromatic polycarbonates, by 
40 which polycarbonates having excellent heat resistance, water resistance, molding stability, and weathering 
resistance and, moreover, excellent stability when allowed in a molten state for an extended period of time 
can be obtained. 

Further, the other object of the invention is to provide polycarbonate compositions having excellent 
properties as mentioned above. 

SUMMARY OF THE INVENTION 

The processes for preparing aromatic polycarbonates of the present invention are characterized by 
allowing aromatic dihydroxy compounds and carbonic acid diesters to undergo melt polycondensation in 
so the presence of alkaline catalysts, and adding acid compounds to the reaction product as obtained. - 

In the processes of the invention mentioned above, it is desirable to add epoxy compounds together 
with the acid compound to the above-mentioned polycondensation reaction product. 

Furthermore, in the above-mentioned. processes of the invention, it is preferable to subject the above- 
mentioned polycondensation reaction product to pressure reducing treatment after addition of the acid 
compounds and, if necessary, the epoxy compounds to said reaction product. 


EP 0 435 124 A2 


According to the processes for preparing aromatic polycarbonates of the invention, there can be 
obtained aromatic polycarbonates excellent in heat resistance, water resistance, molding stability and 
weathering resistance and also excellent in stability when allowed to stand in a molten state for an extended 
period of time, because the acid compounds are added to the reaction product resulting from melt 
polycondensation. The alkali metal compounds and/or alkaline earth metal compounds contained in the 
alkaline catalysts remaining in the resulting polycarbonates are neutralized or weakened thereby. Accord- 
ingly the aforesaid adverse influences on properties of polycarbonate can be inhibited. 

Further whan the epoxy compounds are added to the reaction product, the epoxy compounds react with 
any excessively added acid compounds to neutralize them. Accordingly any further adverse influences can 
be inhibited. 

Still further, in a case where the reaction product is subjected to pressure reducing treatment, the 
content of residual monomers or oligomers can be reduced, and accordingly contamination at the time of 
molding can be minimized and the resulting polycarbonate is excellent in heat resistance, water resistance 
and molding stability. 

The aromatic polycarbonate composition of the present invention comprises 

(i) an aromatic polycarbonate obtained by allowing aromatic dihydroxy compounds and carbonic acid 
diesters to undergo melt polycondensation in the presence of an alkaline catalyst, 

(ii) an acid compound and optionally 

(iii) an epoxy compound. 

The polycarbonate composition of the present is excellent in above-mentioned properties. 
DETAILED DESCRIPTION OF THE INVENTION 

The processes for preparing aromatic polycarbonates of the present invention is illustrated below in 
detail. 

Starting compounds used for preparing aromatic polycarbonates of the invention are aromatic dihydroxy 
compounds and carbonic acid diesters. ' 

The aromatic dihydroxy compounds used in the invention, though not particularly limited, includes'such 
compounds as represented by the following formula (I). 


wherein X is 



...(I) 


-0-. -S-, -SO- or -S02, and R 1 and R 2 are each a hydrogen atom or a monovalent hydrocarbon group, R 3 is 
a divalent hydrocarbon • group, and the aromatic nucleus may have a monovalent hydrocarbon group. 
Further, these aromatic dihydroxy compounds include also the compounds of the above-mentioned formula 
(I) in which the phenyl group has been substituted with an aliphatic group or a halogen group. 

Concrete examples of such aromatic dihydroxy compounds as mentioned above include bis- 
(hydroxyaryl) alkanes such as bis(4-hydroxyphenyl)methane, 1,1-bis{4-hydroxyphenyl)ethane, 2,2-bis(4- 
hydroxyphenyl)propane, 2,2-bis{4-hydroxyphenyl)propane, 2,2-bis{4-hydroxyphenyl)butane, 2,2-bis(4- 
hydroxyphenyl)octane, bis(4-hydroxyphenyl)phenylmethane, 2,2-bis(4-hydroxy-3-methylphenyl)propane, 1,1- 
bis(4-hydroxy-3-t-buty!phenyl)propane, 2,2-bis(4-hydroxy-3-bromophenyl) propane. 2,2-bis(4-hydroxy-3,5-di* 
methylphenyl)propane; 

bis(hydroxyaryl)cycloalkanes such as 1,1-bis(4-hydroxyphenyl)cyclopentane and 1,1-bis(4-hydroxyphenyl) 
cyclohexane; 

dihydroxyaryl ethers such as 4,4'-dihydroxydiphenyl ether and 'M'-dihydroxy-a.S'-dimethylphenyl ether; 
dihydroxydiarly sulfides such as 4,4'-dihydroxydiphenyl sulfide, and 4,4 , -dihydroxy-3. 3'-dimethyldiphenyl 
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sulfide: dihydroxydiaryl sulfoxides such as 4,4'-dihydroxydi phenyl sulfoxide and 4,4'-dihydroxy-3,3'- 
dimethyldiphenyl sulfoxide; and 

dihydroxydiaryl sulfones such as 4,4'-dihydroxydiphenyl sulfone and 4,4 , -dihydroxy-3,3 , -dimethyldiphenyl 
sulfone. 

5 Of these aromatic dihydroxy compounds as exemplified above, particularly preferred is 2,2-bis (4- 
hydroxyphenyl)propane (bisphenol-A). 

Concrete examples of the carbonic acid diester useful in the invention include diphenyl carbonate, 
ditolyl. carbonate, bis(chlorophenyl) carbonate, m-cresyl carbonate, dinapthyl carbonate, bis(diphenyl) car- 
bonate, diethyl carbonate, dimethyl carbonate, dibutyl carbonate and dicyclohexyl carbonate. 

w Of these carbonic acid diesters as exemplified above, particularly preferred is diphenyl carbonate. 

These carbonic acid diesters mentioned above may contain dicarboxylic acid or dicarboxyiic 'acid ester 
in an amount of preferably not more than 50 mol% and especially not more than 30 mol%. The dicarboxylic 
acid or dicarboxylic acid ester which may be used in that case includes terephthalic acid, isophthalic acid, 
sebacic acid, 1,10-decanedicarboxylic acid, 1 ,12-dodecanedicarboxylic acid, diphenyl terephthalate, 

?5 diphenyl isophthalate, diphenyl sebacate, diphenyl decanedicarboxylate and diphenyl dode caned icarbox- 
ylate. etc. 

When such carboxylic acid or dicarboxylic acid ester as mentioned above is used in combination with 
the carbonic acid diester, polyesterpolycarbonate is obtained. 

In preparing the polycarbonates of the invention, the above-mentioned carbonic acid diester is used 

20 desirably in an amount of 1.0-1.30 moles, preferably 1.01-1.20 moles and especially 1.01-1.10 moles based 
on one mole of the aromatic dihydroxy compound. 

Further, in preparing the polycarbonates of the invention, a polyfunctional compound having in the 
molecule three or more functional groups may also be used in combination with the aromatic dihydroxy 
compound and carbonic acid diester. 

25 The polyfunctional compound used in the invention includes preferably those having in the molecule not 
less than three phenolic hydroxyl or carboxyl groups, especially those having in the molecule three phenolic 
hydroxyl groups. Concretely, those polyfunctional compounds include, for example, 1.1,1-tris(4-hydrox- 
yphenyl)ethane. a-methyl-a.a , ,a'-tris{4-hydroxyphenyl}-i,4-diethylbenzene 1 ti.a , ,a ,, -tris{4-hydroxyphenyl)- 
1 ,3,5-triisopropylbenzene. phloroglycine, 4,6-dimethyl-2,4 > 6-tri(4-hydroxyphenyl)-heptane-2, 1 ,3,5-tri(4- 

30 hydroxyphenyl) benzene, 2 ( 2'-bis-4,4*{4,4'-dihydroxyphenyl)-cyclohexyl-propane, trimellitic acid, 1,3,5-ben- 
zenetricarboxylic acid and pyromellitic acid. Of these polyfunctional compounds as exemplified above, 
preferably used are 1.1 ,1-tris(4-hydroxyphenyl) ethane, and a,a\a"-tris{4-hydroxyphenyl)-1 ,3,5-triisopropyl- 
benzene. 

The polyfunctional compounds are desirably used in an amount of usually not more than 0.03 mole, 
35 preferably 0.001-0.02 mole and especially 0.002-0.01 mole based on one mole of the aromatic dihydroxy 
compound. 

In the processes for preparing the polycarbonates of the present invention, alkaline compound catalysts 
are used when the desired polycarbonate is prepared by melt polycondensation of the aromatic dihydroxy 
compound with the carbonic acid diester and, if necessary, with the above-mentioned polyfunctional 

40 compound. Such alkaline compound used as the catalyst includes particularly alkali metal compounds 
and/or alkaline earth metal compounds. 

These compounds as mentioned above are preferably used in the form of derivatives of alkali metals 
and alkaline earth metals, such as organic acid salts, inorganic acid salts, oxides, hydroxides, hydrides or 
alcoholates, and these derivatives may be used either singly or in combination. 

45 Useful alkali metal compounds as mentioned above include concretely sodium hydroxide, potassium 
hydroxide, lithium hydroxide, sodium hydrogencarbonate, potassium hydrogencarbonate, lithium hydrogen- 
carbonate, sodium carbonate, potassium carbonate, lithium carbonate, sodium acetate, potassium acetate, 
lithium acetate, sodium stearate, potassium stearate, .lithium stearate, sodium borohydride, lithium 
borohydride, sodium borophenolate, sodium benzoate, potassium benzoate. lithium benzoate,. disodium 

so hydrogenphosphate, dipotassium hydrogenphosphate, dilithium hydrogen phosphate, disodium, dipotassium 
and dilithium salts of bisphenol A and sodium, potassium and lithium salts of phenol. 

Useful alkaline metal compounds as mentioned above include concretely calcium hydroxide, barium 
hydroxide, magnesium hydroxide, strontium hydroxide, calcium hydrogencarbonate, barium hydrogencar- 
bonate, magnesium hydrogencarbonate, strontium hydrogencarbonate, calcium carbonate, barium car- 

55 bonate, magnesium carbonate, strontium carbonate, calcium acetate, barium acetate, magnesium acetate, 
strontium acetate, calcium stearate, barium stearate, magnesium stearate and strontium stearate. 

These alkali metal or alkaline earth metal compounds exemplified above are used in an amount of not 
more than 10 - * mole, preferably 10' 7 - 10" 5 mole, more preferably 10* 7 - 3 X 10" 6 mole, especially 10' 7 - 2 X 
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1Q* 6 mofe based on mole of the aromatic hydroxy compounds. 

The use of the alkali metal or alkaline earth metal compound in an amount of not more than 1Q/ 4 mole 
based on one mole of the aromatic dihydroxy compound results in the maintenance of polymerization 
activity and, at the same time, the addition thereto of an acid compound (mentioned later) in such an 
amount that no properties of polycarbonate are adversely affected results in a sufficient neutralization or 
weakening of basicity exhibited by the alkali metal or alkaline earth metal compound, whereby the resulting 
polycarbonate is found to be excellent in hue, heat resistance, water resistance, and weathering resistance, 
and also excellent in long-term stability when it is preserved in a molten state. 

In a case where the amount of the alkali metal or alkaline earth metal compound is more than 10/ 4 mole 
based on one mole of the aromatic dihydroxy compound, polycarbonates having excellent heat resistance, 
water resistance and molding stability become to be difficult to obtain even if the alkali metal o/ alkaline 
earth metal compound is neutralized. J 

In the present invention, it is also possible to use as the catalyst other basic compounds and boric acid 
compounds together with the above-mentioned alkaline compounds. 

Useful basic compounds as mentioned above include, for example, nitrogen containing compounds 
which are easily decomposable or volatile at a high temperature, concretely ammonium hydroxides 
containing alkyl, aryl or alkaryl such as tetramethylammonium hydroxide (MeiNOH), tetraethylammonium 
hydroxide (EkNOH), tetrabutylammonium hydroxide (BuNHO) and trimethylbenzylammonium hydroxide 


tertiary amines such as trimethylamine. triethylamine, dimethylbenzylamine and triphenylamine; 

secondary amines represented by R 2 NH (in which R is alkyl such as methyl or ethyl; or aryl such as phenyl 

and toluyl); 

primary amines represented by RNH 2 (in which R is as defined above); 
imidazoles such as 2-methyl imidazole and 2-phenyl imidazole; or 

basic salts such as ammonia, tetramethylammonium borohydride (Me+NBHt), tetrabutylammonium 
borohydride (BuiNBhU), tetrabutylammonium tetraphenylborate (BuiNBPru) and tetramethylammonium 
tetraphenylborate (Me*NBPh t ). 

Of these basic compounds as exemplified above, particularly preferred are tetraalkylammontum hydrox- 
ides especially tetraalkylammonium hydroxides for electrical use containing little metal contamination. 

Useful boric acid compounds as the catalyst include boric acid and boric acid esters. 

The boric acid esters used are those represented by the general formula B(OR) n {OH) 3 . n wherein R is 
arly such as methyl or ethyl, or aryl such as phenyl, and n is 1, 2 or 3. 

Concrete examples of the boric acid esters mentioned above include trimethyl borate, triethyl borate, 
tributyl borate, trihexyl borate, triphenyl borate, tritolyl borate and trianaphthyl borate. 

■ In the present invention, as mentioned above, it is preferable to use a catalyst comprising (a) the alkali 
metal compound and/or alkaline earth metaf compound, and (b) a nitrogen containing basic compound. 

In that case, (a) the alkali metal compound and/or alkaline earth metal compound is used in the amount 
as defined above, and (b) the nitrogen containing basic compound is used in an amount of 10' 8 - TO -1 moie. 
preferably 10 s - 1Cr a mole based on one mole of the aromatic dihydroxy compound. 

The use of (b) the nitrogen containing basic compound in an amount of 10* 8 - 10/' mole based on one 
mole of the aromatic dihydroxy compound is preferred from the standpoint that the ester interchange 
reaction and polymerization reaction proceed at a sufficient rate to give the desired polycarbonate excellent 
in hue, heat resistance and water resistance. 

In this manner, the catalyst comprising a combination of (a) the alkali metal compound and/or alkaline 
earth metal compound and (b) the nitrogen containing basic compound has a high polymerization activity 
and is capable of forming a high molecular weight polycarbonate and, moreover, the polycarbonate 
obtained thereby is excellent in heat resistance and water resistance and, moreover, has improved hue and 
excellent transparency. 

The catalysts used preferably in the present invention are those comprising 

(a) the alkali metal compounds and/or alkaline earth metal compounds, and 

(b) boric acid or boric acid esters, and also those comprising 

(a) the alkali metal compounds and/or alkaline earth metal compounds, 

(b) the nitrogen containing basic compounds, and' 

(c) boric acid or boric acid esters. 
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The alkali metal compounds (a) and alkaline earth metal compounds (b) as mentioned above are 
desirably used in the amount as defined above. 

The boric acid or boric acid esters (c) are used in an amount of 10" 8 - 10"' mole, preferably tO" 7 - 10" 2 
mole and especially 10" 6 -10"* mole based on one mole of the aromatic dihydroxy compound. The use of 
s the boric acid or boric acid esters in an amount of 10' 8 • 10* 1 mole based on one mole of the aromatic 
dihydroxy compound is preferred from the standpoint that a decrease in molecular weight of the resulting 
polycarbonate after heat ageing is hard to occur and, moreover, the polycarbonate obtained thereby is 
found to be excellent in hue, heat resistance and water resistance. 

In particular, the catalysts comprising (a) the alkali metal compound or alkaline earth metal-compound, 
io (b) the nitrogen containing compound and (c) boric acid or boric acid ester have increased polymerization 
activity and are capable of forming high molecular weight polycarbonates and, moreover, the'* polycar- 
bonates obtained thereby are excellent in heat resistance, water resistance, hue and transparency. 

Polycondensation reaction of the aromatic dihydroxy compound with carbonic diester and, if necessary 
with the polyfunctional compound may be carried out under the same conditions as employed in the prior 
fs art polycondensation reaction of the aromatic dihydroxy compound with carbonic diester. Practically 
speaking, the first stage reaction between both reactants is carried out at a temperature of 80-250* C, 
preferably 100-230* C and especially 120-190*C at ordinary pressure for 0-5 hours, preferably 0-4 hours 
and especially 0-3 hours. Subsequently, the reaction temperature is raised while reducing the pressure of 
the reaction system to continue the reaction of the aromatic dihydroxy compound with carbonic acid diester; 
20 and finally the polycondensation reaction of the aromatic dihydroxy compound with carbonic acid ester is 
carried out at a temperature of 240-320* C under a vacuum of not more than 5 mm Hg, preferably not more 
than 1 mm Hg. 

The above-mentioned polycondensation reaction may be carried out either continuously or batchwise. 
The reactor used for the above-mentioned reaction may be of the tank, pipe or tower type. 
25 In the processes for preparing aromatic polycarbonates of the present invention, to the reaction product 
obtained in the manner as mentioned above, that is, a polycarbonate, is added an acid compound. 

In the present invention, moreover, to the reaction product obtained in the above-mentioned manner is 
added an epoxy compound together with the acid compound. 

The acid compounds used in the invention may be either Lewis acid compounds, Bronsted acid 
30 compounds or ester of strong acids containing a sulfur atom so long as they are capable of neutralizing the 
alkaline compounds such as the alkali metal compounds and alkaline earth metal compounds used as the 
catalysts. 

In particular, the Bronsted acid compounds have pKa of not more than 5, preferably not more than 3 as 
measured in an aqueous solution thereof at 25 ' C. 
as The use of the acid compounds exhibiting a value of pKa as defined above brings about such 
advantages that the alkali metals or alkaline metais used as the catalysts can be neutralized, and the 
resulting polycarbonate is stabilized. 

Concrete examples of useful Lewis acid compounds include boron compounds such as 8(OPh)3, zinc 
borate and boron phosphate; 
40 boric acid esters such as B{OCHa)3, B{OEt)3 and B{OPhh; 

aluminum compounds such as aluminum stearate and aluminum silicate; 

zirconium compounds such as zirconium carbonate, zirconium alkoxide and zirconium hydroxycarboxylate; 
gallium compounds such as gallium phosphide and gallium antimonide; 
germanium compounds such as germanium oxide and organogermanium compounds; 
as tin compounds such as tetra- and hexaorganotin, 
and 

. Bu Bu 
I i 

50 PhOSnOSnOPh 1 

i i 
BU Bu 

antimony compounds such as SD2O3. antimony oxide and alky (antimony; 
55 bismuth compounds such as bismuth oxide and aikylbismuth; 
zinc compounds such as (CHaCOOhZn and zinc stearate; and . 

titanium compounds such as alkoxy titanium and titanium oxide. In the above-mentioned formulas, Ph 
represents a phenyl group, Et represents an ethyl group, and Bu represents a butyi group. 
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Concrete examples of useful Bronsted acid compounds include phosphoric acid, phosphorous acid 
nypophosphorous acid, pyrophosphoric acid, polyphosphoric acid, boric acid, hydrochloric acid' 
hydrobromic acid, sulfuric acid, sulfurous acid, adipic acid, azelaic acid, dodecanoic acid, L-ascorbic acid' 
aspartic acid, benzoic acid, formic acid, acetic acid, citric acid, glutamic acid, saficyclic acid, nicotic acid' 
: fumaric acid, maleic acid, oxalic acid, benzenesulfinic acid, toluenesulfinic acid, and sulfonic acids such as 
benzenesulfonic acid, p-tofuenesulfonic acid, trifluoromethane sulfonic acid, napthalene sulfonic acid 
sulfonated polystyrene, and methyl acrylate-sulfonated styrene copolymer. 

Concrete examples of useful ester of strong acids containing a sulfur atom include compounds 
comprising an acid residue having pKa of not more than 3 such as dimethyl sulfonate, diethyl sulfonate 
> methyl, ethyl, butyl, octyl or phenyl ester of p-toluenesulfonic acid, and methyl, ethyl, butyl octyl or phenyl' 
ester of benzenesulfonic acid. » 

Of these acid compounds as exemplified above, preferred are those having sulfur atom or phosphorous 
atom, particularly those containing sulfur atom. 

These acid compounds may be used either singly or in combination. 

The acid compounds to be added to the reaction product obtained as a polycarbonate are used in such 
an amount that adverse influences on polycarbonate of the alkaline metal compound and/or alkaline earth 
metal compound remaining in the polycarbonate obtained can be neutralized or weakened. For example 
the acid compounds are used in an amount of 0.01-500 moles, preferably 0.1-100 moles, more preferably 
0.1*50 notes and especially 0.5-30 moles based on one mole of the alkaline compound remaining in the 
polycarbonate obtained. 

In particular, when the acid compound to be added is a Lewis acid or Bronsted acid having pKa of 
larger than 3, the amount of the acid compound used is 0.01-500 moles, preferably 0.1-50 moles and 
especially 0.1-30 moles, and when the acid compound to be added is a Bronsted acid having pKa of not 
more than 3 or the ester of strong acid containing a sulfur atom, the amount of the acid compound used is 
0.01-500 moles, preferably 0.1-15 moles and especially 0.1-7 moles. 

The epoxy compounds to be added in the present invention to the reaction product obtained as a 
polycarbonate are those having in the molecule at least one epoxy group, and the amount of the epoxy 
compound used, though not particularly limited, is usually 0.0001-0.2 part by weight, preferably 0.001*0.1 
part by weight based on 1 00 parts by weight of the polycarbonate. 

Concrete examples of useful epoxy compounds as mentioned above include epoxidized soybean oil, 
epoxidized linseed oil, phenylglycidyl ether, allylglycidyl ether, H>utylphenylglycidyl ether 3 4-epox- 
ycyclohexylmethyl 

3.4-epoxycyclohexanecarboxylate, 3,4-epoxy-6-methylcyclohexylmethyl 
3,4-epoxy-6-methylcyclohexanecarboxylate, 2,3-epoxycyclohexylmethyl 
3,4-epoxycyclohexanecarboxylate. 4-(3,4-epoxy-5-methylcyciohexyl)butyl 
3,4-epoxycyclohexanecarboxylate, 3,4-epoxycyclohexylethylene oxide, cyclohexylmethyl 
3 ,4-epoxycyclohexanecarboxy late, 3,4-epoxy-6-methylcyclohexylmethyi-6-methyl 

cyclohexanecarboxylate, bisphenol-A diglycidyl ether. tetrabromobisphenol-A glycidyl ether, diglycidyl ester 
of phthalic acid, diglycidyl ester of hexahydrophthalic acid, bis-epoxydicyclopentadienyl ether, bis-epox- 
yethylene glycol, bis-epoxycyclohexyl adipate, butadiene diepoxide. tetraphenylethylene epoxide, octyl 
epoxyphthalate, epoxidezed polytutadiene. 3 t 4-dimethyl-1,2-epoxychlorohexane, 3,5-dirtfethyl-1 , 2-epox- 
ycyclohexane. 3-methyl-5-t-butyM , 2-epoxycyclohexane. octadecyl-2,2-dimethyl-3. 4-epoxycyclohexane 
carboxylate, N-buty|.2,2.dimethyl-3, 4-epoxycyclohexane carboxylate, cyclohexyl-2-methyl-3, 4-epox- 
ycyclohexane carboxylate, N-butyl-2-isopropyl-3, 4-epoxy-5-methylcyclohexane carboxylate, octadecyl-3, 4- 
epoxy;cyclohexane carboxylate, 2-ethylhexyl-3', 4'-epoxycyclohexane carboxylate, 4,6-dimethyl-2, 3- 
epoxycyclohexy!-3\4*epoxycyclohexane carboxylate, 4.5-epoxytetrahydrophthalic anhydride, 3-t-butyl-4,5- 
epoxytetrahydrophthalic anhydride, diethyl 4,5-epoxy-cis-l,2-cyclohexanedicarboxy!ate and di-n-butyl-3-t- 
butyl-4,5-epoxy-cis-1.2-cyclohexane dicarboxylate, and these epoxy compounds may be used either singly 
or in admixture of two or more. 

If the epoxy compounds are added to the reaction product together with the acid compounds, the epoxy 
compounds react with the residual acid compounds, and accordingly the resulting polycarbonate is 
excellent in heat resistance, water resistance and hue. 

In the processes for preparing aromatic polycarbonates of the present invention, the way of adding the 
acid compound and, if necessary, the epoxy compound to a polycarbonate obtained as the reaction product 
is not particularly limited to specific ones. For example, the acid compound and, if necessary, the epoxy • 
compound may be added to the polycarbonate in a molten state, followed by kneading, or may be added to 
a solution of the polycarbonate, followed by stirring. 

Concretely speaking, there are typical ways of adding the acid compound and epoxy compound to the 
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polycarbonate obtained as the reaction product, for example, that which comprises adding, either separately 
or simultaneously, the acid compound and, if necessary, the epoxy compound to the polycarbonate 
obtained in a molten state in the reactor or extruder after the completion of the polycondensation reaction, 
followed by kneading, that which comprises pelletizing the polycarbonate,. and feeding the pellets together 
v/ith the acid compound and, if necessary, the epoxy compound, to a single screw or double-screw 
extruder, followed by melt kneading, and that which comprises dissolving the polycarbonate obtained in a 
appropriate solvent, for example, methylene chloride, chloroform or tetrahydrofuran, to prepare a solution, 
and adding, either separately or simultaneously, the acid compound and, if necessary, the epoxy com- 
pound, to the solution, followed by stirring. 

To the polycarbonate as obtained are added the acid compound and epoxy compound in that order, 
and this order may also be reversed. A - 

In the present invention, the polycarbonate obtained may be loaded, in addition to the acid compound 
and epoxy compound, with ordinary heat stabilizers, Tinuvin type ultraviolet absorbers, mold release agents, 
antistatic agents, slip agents, antiblocking agents, lubricants, anti-fogging agents, dyes, pigments, natural oil, 
synthetic oil, wax, organic fillers and inorganic fillers in such amounts that no object of the invention is 
marred. 

The d'bove-mentioned heat stabilizers include concretely, for example, phenol type stabilizers, organic 
thioether type stabilizers, organic phosphite type stabilizers, hindered amine type stabilizers and epoxy type 
stabilizers. 

The phenol type stabilizers include, for example, n-octadecyl-3-(4-hydroxy-3\5'-di-t-butylphenyl) pro- 
pionate, tetrakis methyfene-S-O'S'-di-t-butyl-^hydroxyphenyOpropionate methane, 1,1.3-tris (2-methyi-4- 
hydroxy-5-t-buty!phenyl)butane, distearyl {4-hydroxy-3-methyl-5-t-butyl)benzylmalonate and 4- 
hydroxymethyl-2,6-di-t-butylphenol, and these stabilizers may be used either singly or in admixture of two 
or more. 

The thio ether type stabilizers include, for example, dilauryl thiodipropionate, disteararyl 
thiodipropionate, dimyristyl-3,3*-thiodipropionate and ditridecyl-3,3'-thiodipropionate, pentaerylthritol-tetrakis- 
(B-lauryl-thiopropionate), and these stabilizers may be used either singly or in admixture of two or more. 

The phosphorous type stabilizers include, for example, arylalkyl phosphites such as bis(2,4-di-t- 
butylphenyl)pentaerythritol disphosphite, diphenyldecyl phosphite, diphenylisooctyl phosphite, phenylisooc- 
tyl phosphite and 2-ethylhexyldiphenyl phosphite; 

trialkyi phosphites such as trimethyl phosphite, triethyl phosphite, tributyl phosphite, trioctyl phosphite, 
trinonyl phosphite, tridecyl phosphite, trioctadecyl phosphite, distearylpentaerylthritol diphosphite. tris(2- 
chloroethyl) phosphite and tris(2,3-dichloropropyl) phosphite; 
tricycloalkyl phosphites such as tricyclohexyl phosphite; 

triaryl phosphites such as triphenyl phosphite, tricresyl phosphite, tris(ethylphenyl) phosphite, tris(2,4-di-t- 

butylpheny!) phosphite, tris (nonylphenyl) phosphite and tris(hydroxyphenyl) phosphite; 

trialkyi phosphates such as trimethyl phosphate, triethyl phosphate, tributyl phosphate, trioctyl phosphate. 

tridecyl phosphate, trioctadecyl phosphate, distearylpentaerythritol dihosphate, tris{2-chloroethyl) phosphate 

and tris (2,3-dichloropropyl) phosphate tricycloalkyl phosphates such as tricyclohexyl phosphate; 

and 

triaryl phosphates such as triphenyl phosphate, tricresyl phosphate, tris(nonylphenyl) phosphate and 2- 
ethylphenyldiphenyl phosphate, and these stabilizers may be used either singly or in admixture of two or 
more. 

The hindered amine type stabilizers include, for example. bis(2 ( 2,6,6-tetramethyl-4-piperidyl) sebacate, 
bts(1 ,2,2,6.6-pentamethy!-4-piperidyl) sebacate. 1-[2-[3-{3,5-di-t-butyl-4-hydroxyphenyl)propionyloxy) ethyt}- 
4-[3-(3.5-di-t-butyl-4-hydroxyphenyl) . propionyloxyl^^.S.S-tetramethylpiperidine, 8-benzyl-7.7,9,9- 
tetramethyl-3-octyl-1 ,2,3-triazaspiro[4,5] undecane-2,4-dione, 4-benzoyloxy-2,2,6.6-tetramethylpiperidine, 2- 
(3,5-di-t-butyl-4-hydroxybenzyl)-2-n-butylmalonic acid bis(1,2,2,6,6-pentamethyI-4-piperidyl) and tetrakis 
(2,2,6,6-tetramethyl-4-piperidyl 1,2.3.4-butanetetracarboxylate. and these stabilizers may be used either 
singly or in admixture of two or more. 

These heat stabilizers as exemplified above are desirably used in an amount, based on 100 parts by 
weight of the polycarbonate, of 0.001-5 parts by weight, preferably 0.005-0.5 part by weight and especially 
0.01-0.3 part by weight. 

The above-mentioned heat stabilizers may be added, either in the form of solid or liquid, to the 
polycarbonate. 

The addition to the polycarbonate of the heat stabilizers is carried out desirably during a period of time 
at which said polycarbonate is still in a molten state between a final polymerization reactor and a pelletizer, 
with the result that the number of heat histories to which the polycarbonate is subjected is lessened. 
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Further, the polycarbonate containing the heat stabilizers can be inhibited to undergo thermal decomposition 
at the time when said polycarbonate is extrusion molded or pelletized by heating. 

Where the above-mentioned heat stabilizers are added to the polycarbonate, ultraviolet absorbers may 
also be added simultaneously therewith. Such ultraviolet absorbers as used herein are not limited to 
5 particular ones but may be those commonly used, for example, saficyciic acid type ultraviolet absorbers, 
benzophenone type ultraviolet absorbers, benzotriazole type ultraviolet absorbers and cyanoacrylate type 
ultraviolet absorbers. 

The saficyciic acid type ultraviolet absorbers include concretely phenyl salicylate and p-t-buty!phenyl 
salicylate. 

10 The benzophenone type ultraviolet absorbers include 2,4-dihydroxybenzophenone. 2-hydroxy-4-methox- 
ybenzophenone, 2,2'-dihydroxy-4-methoxybenzophenone, 2,2'-dihydroxy, 4,4-dimethoxybenzopijenone, 2- 
hydroxy-4-methoxy-2'*carboxybenzophenone, 2-hydroxy-4-methoxy-5-sulfobenzophenone trihydrate, 2- 
hydroxy-4-n-octoxybenzophenone, 2,2\4,4'-tetrahydroxybenzophenone, 4-dodecyloxy-2-hydroxyben- 
zophenone, bis (5-benzoyl-4-hydroxy-2-methoxyphenyl}methane and 2-hydroxy-4-methoxybenzophenone-5- 

:s sulfonic acid. 

The benzotriazole type ultraviolet absorbers include 2-{2'-hydroxy-5 , -methyl-phenyl) benzotriazole, 2-<2'- 
hydroxy-3',5'-di-t-butyl-phenyl)benzotriazole. 2*(2'-hydroxy-3't-butyl-5 , -methyl-phenyl)-5-chlorobenzotriazole, 
2-(2 , -hydroxy-3',S'-t-butyl-phenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-5 , t-octylphenyl) benzotriazole, 2-(2'- 
hydroxy-S'.S'-di-t-amylphenyl) benzotriazole. 2-{2'-hydroxy-3 , -(3",4",5",6"-tetrahydrophthalimido-ethy|)-5'- 
20 methylphenyl] benzotriazole and 2,2'-methylenebis [4-(1 ,1,3,3-tetramethylbutyl)-6-{2H-benzotriazole-2-yl}- 
phenol]. 

The cyanoacrylate type ultraviolet absorbers include 2-ethylhexyl-2-cyano-3,3-diphenyl acrylate and 
ethyl-2-cyano-3,3-diphenyl acrylate. 

The ultraviolet absorbers as exemplified above may be used either singly or in admixture of two or 
25 more. These ultraviolet absorbers are used in an amount, based on 100 parts by weight of the polycar- 
bonate, of usually 0.001-5 parts by weight, preferably 0.005-1.0 part by weight and especially 0.01-0.5 part 
by weight. 

In the present invention, mold release agents may be added to the polycarbonate simultaneously with 
the addition of the above-mentioned heat stabilizers. Such mold release agents as may be used are not 
30 limited to particular ones but may be those commonly used, for example, hydrocarbon type releasants such 
as natural and synthetic paraffins, and polyethylene waxes and fluorocarbons; fatty acid type releasants 
such as higher fatty acide, e.g. stearic acid and hydroxy stearic acid; fatty acid amide type releasants such 
as fatty acid amides, e.g. stearic acid amide and ethylenebisstearoamide, and alkylenebis fatty acid amides; 
alcohol type releasants such as aliphatic alcohol, e.g. .stearyl alcohol and cetyl alcohol, and polyhydric 
35 alcohol, polyglycol and polyglycerols; fatty acid ester type releasants such as lower alcohol of fatty acid, 
e.g. butyl stearate and pentaerythritol tetrastearate, and polyhydric alcohol esters of fatty acid and 
polyglycol esters of fatty acid; and silicone type releasants such as silicone oils. 

These releasants as exemplified above may be used either singly or in admixture of two or more. The 
releasants are used in an amount, based on 100 parts by weight of the polycarbonate, of usually 0.001-5 
40 parts by weight, preferably 0.005-1 part by weight and especially 0.01-0.5 part by weight. 

Furthermore, colorants may also be added to the polycarbonate simultaneously with the addition of the 
above-mentioned heat stabilizers. Such colorants as may be used herein may be either pigments or dyes, 
and any of inorganic and organic colorants may be used either singly or in combination. 

The inorganic colorants include concretely oxides such as titanium dioxide and iron oxide red; 
45 hydroxides such as alumina white; sulfides such as zinc sulfide; selenides and ferrocyanides such as 
Prussian blue; chromates such as zinc ch'romoate and molybdenum red; sulfates such as barium sulfate; 
carbonates such as calcium carbonate; silicates such as ultramarine blue; phosphates such as manganese 
violet; carbons such as carbon black and metallic powder colorants such as bronze powder and aluminum 
powder. 

so The organic colorants include concretely nitroso colorants such as Napthol Green B; nitro colorants 
such as Napthol Yellow S; azo colorants such as lysol red, Bordeaux 10B, Naphthol Red.and Chromophthal 
Yellow, phthalocyanine colorants such as Phthalocyanine Blue and Fast Sky Slue, and condensation 
polycyclic colorants such as Indanthrone Blue, quinacridone violet and dioxazine violet. 
These colorants as exemplified above may be used either singly or in combination, 
ss The colorants mentioned above are used in an amount, based on 100 parts by weight of the 
polycarbonate, of usually 1 X 10* 6 - 5 parts by weight, preferably 1 X 10' 5 • 3 parts by weight and especially 
1 X 10' 5 - 1 part by weight. " 

In the present invention, the polycarbonate resulting from polycondensation reaction is desirably 
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subjected, after addition thereto of the acid compound and, if necessary the epoxy compound, to pressure 
reducing treatment. 

In practicing the pressure reducing treatment, either a reactor equipped with a pressure reducing device 
or an extruder equipped with a pressure reducing device may be used, though the treatment device is not 
5 limited specific ones. 

The above-mentioned reactor used therefor may be either a vertical tank type reactor or a horizontal 
tank type reactor and preferably a horizontal tank type reactor may be used. 

The pressure reducing treatment using the reactor mentioned above may be carried out at a pressure 
of 0.05-750 mm Hg, preferably 0.05-5 mm Hg. _ 
w The pressure reducing treatment using such an extruder as mentioned above is desirably carried out for 
about 10 seconds to 15 minutes, and said treatment using the above-mentioned reactor is desirablV»carried 
out for about 5 minutes to 3 hours. Further, the pressure reducing treatment is desirably carried out at a 
temperature of about 240-350 " C. 

The extruder used in the pressure reducing treatment may be any of vented single screw or double- 
js screw extruders, and the polycarbonate being treated may also be pelletized simultaneously. 

The pressure reducing treatment may be carried out in the above-mentioned extruder at a pressure of 
1-750 mm Hg, preferably 5-700 mm Hg. 

The thus formed polycarbonate incorporated with the acid compound and if necessary with the epoxy 
compound is subjected to pressure reducing treatment, whereupon a polycarbonate in which the content of 
20 residual monomers or oligomers has been decreased is obtained. Accordingly, the resulting polycarbonate 
is excellent in residence stability at the time of molding thereof, and molded articles obtained therefrom are 
excellent in heat resistance, water resistance and weathering resistance. At the same time, the molded 
articles obtained therefrom are less in molding defect, because contamination at the time of the molding of 
the molded article is minimized. Furthermore, a relative frequency of replacement of the mold can also be 
25 decreased. 

Still further, the molded articles provided by the use of the polycarbonates of the present invention 
retain highly stabilized hue thereof even when they are used for a long period of time. 

The polycarbonates obtained in the present invention may be widely used for optical appliances such 
as sheets, lenses, CD disks, for outdoor appliances such as automobile parts and for housing of various 
30 instruments. 

Then, the aromatic polycarbonate composition of the present invention is illustrated below. 
The first aromatic polycarbonate composition of the present invention comprises 

(i) an aromatic polycarbonate obtained by allowing aromatic dihydroxy compounds and carbonic acid 
diesters to undergo melt poiycondensation in the presence of an alkaline catalyst, and 
35 (ii) an acid compound. 

The second aromatic polycarbonate composition of the present invention comprises 

(i) an aromatic polycarbonate obtained by allowing aromatic dihydroxy compounds and carbonic acid 
diesters to undergo melt poiycondensation in the presence of an alkaline catalyst. 

(ii) an acid compound, and 
40 (iii) an epoxy compound. 

The amount of the acid compound contained in the aromatic polycarbonate composition is 0.001-500 
moles, preferably 0.1-100 moles, more preferably 0.1-50 moles and especially 0.1-7 motes based on one 
mole of the sum of the alkaline metal compound and/or alkaline earth metal compound as a catalyst. 

The amount of the epoxy compound contained in the aromatic polycarbonate composition is 0.0001-0.2 
45 part by weight, preferably 0.01-0.1 part by weight based on 100 parts by weight of the polycarbonate. 

Further the aromatic polycarbonate composition of the present invention may contain the above- 
mentioned heat stabilizers, ultraviolet absorbers etc. 

EFFECT OF THE INVENTION 

50 

In the processes for preparing polycarbonates of the present invention, the reaction product obtained by 
melt poiycondensation reaction of an aromatic dihydroxy compound with a carbonic acid diester is 
incorporated with an acid compound and, if necessary, an epxoy compound. Hence it follows that an 
influence on properties of polycarbonate by the presence of a basic compound remaining in the resulting 
55 polycarbonate is neutralized or weakened. Accordingly, in accordance with the processes for preparing 
polycarbonates of the invention, there are prepared polycarbonates excellent in heat resistance, water 
resistance and weathering resistance and also excellent in stability even when they are held in a molten 
state for a long period of time, because adverse influences on properties of polycarbonate of this basic 
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compound catalyst contained in the resulting polycarbonates can be inhibited. 

The present invention is illustrated below with reference to examples, but it should be construed that the 
invention is in no way limited to those examples. 

In the following examples, the polycarbonates obtained were tested for physical properties by the 
= following procedure. 
MFR (g/10 min): 

This was measured at a temperature of 300 * C and under a load of 1 .2 kg in accordance with the method 
as stipulated in JIS K-7210. 
Intrinsic viscosity (IV, dl/g): 
to This was measured in methylene chloride at 20* C using a Ubbefhode's viscometer. 
Hue (Yl): 

A plate of 3 mm in thickness obtained by injection molding at a cylinder temperature of 320* C, an injection 
molding pressure of 1000 kg/cm 2 , 1 cycle of 45 seconds and a mold temperature of 90* C was measured 
for X, Y and Z values by the permeation method using a color and color difference meter (ND-1001 DP, 
75 manufactured by Ninon Denshoku Kogyo K.K.) to obtain a yellowness index (Yl) according to the following 
equation. 

100 

20 Yl = (1.277X - 1. 060Z) 

Y 

Melt stability test {resistance stability): 
25 MFR and Yl of a plate obtained by injection molding the polycarbonate maintained at 320 *C for 15 minutes - 
in a cylinder of the injection molding machine were measured. 
Light transmission (%): 

This was measured by using an injection molded plate of 3 mm in thickness in accordance with ASTM D 
1003. ' 
30 Haze: 

This was measured by using an injection molded plate of 3 mm in thickness by means of NDH-200 of 
Nihon Denshoku Kogyo K.K. 
Water Resistance: 

An injection molded plate for use in the measurement of hue was immersed in water in an autoclave, and 
35 was then retained in an oven at 125* C for 5 days. Using this test specimen, the measurement of haze was 
conducted. 

Injection molding machine: PS60-9ASE manufactured by Nissei Jushi Kogyo K.K. was used. 
Preparative Example 1 

4Q 

(Preparative Example of Polycarbonate) 

A 250-liter tank type stirrer was charged with 0.44 kilo moles of bisphenol A (a product of Nippon GE 
Plastics Co., Ltd.) and 0.45 kilo moles of diphenyl carbonate, and the stirrer was substituted with nitrogen, 

4S followed by dissolving at 1 40 * C. 

Subsequently, the resulting solution was raised in temperature to 180* C. and 0.0011 mole of boric acid 
was added, followed by stirring for 30 minutes. To the solution were added as catalysts 0.11 moles of 
tetramethylammonium hydroxide and 0.00044 moles of sodium hydroxide, and the temperature was raised 
to 240 *C and, at the same time, the pressure was gradually decreased to 30 mm Hg. Holding the 

so temperature and pressure constant, the amount of phenol distilled was measured, and the pressure was 
restored to an atmospheric pressure by means of nitrogen at the point where no more phenol distilled. The 
time necessary for carrying out the reaction was 2 hours. An intrinsic viscosity M of the reaction product 
obtained was 0.12 dl/g. 

Subsequently, this reaction product was increased in pressure by means of a gear pump, fed into a 
55 centrifugal film evaporator, and the reaction was allowed to proceed. The temperature 'and pressure of the 
film evaporator were controlled so as to be maintained at 290* C and 2 mm Hg, respectively. 

Thus formed prepolymer withdrawn by means of a gear pump from the bottom of the evaporator was 
passed through a die in a nitrogen atmosphere into a strand, followed by cutting into pellets using a cutter. 
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An intrinsic viscosity [n] of this prepolymer was 0.32 dl/g. 

Thereafter, this prepolymer was fed by means of an extruder at a rate of 40 kg/hr into a double-screw 
stirring polymerizer (UD = 6, a diameter of a stirring blade of 150 mm, an internal volume of 40 liters) 
controlled so as to be maintained at 290 'C and 0.2 mm Hg, and polymerized for a residence time of 30 
5 minutes. An intrinsic viscosity (IV) of the polymer obtained was 0.45 dl/g. 

Example 1 

Phosphorous acid (H3PO3) was added to the polycarbonate obtained in the Preparative Example in an 
ro amount of 5 times the molar quantity based on the amount of Na {0.09 ppm) contained in the polycar- 
bonate, and the resulting mixture was kneaded at 280* C by means of a single screw extruder of-^O mm0 
manufactured by Nikko. followed by pelletizing. 

The resin thus prepared was tested for intrinsic viscosity (IV), MFR and hue (Yl), and also tested for 
melt stability by keeping at 320 ' C for 15 minutes. 
75 Results obtained are shown in Table 1. 


Examples 2-3 


Example 1 was repeated except that the amount of phosphorous acid (H3PO3) added was varied. 
20 Results obtained are shown in Table 1 . 

Examples 4-8 

Example 1 was repeated except that in place of the phosphorous acid (H 3 POa), acid compounds as 
25 shown in Table 1 were used in amounts as indicated in Table 1. 

Comparative Example 1 


Example 1 was repeated except that the phosphorous acid (H 3 POa) was not added to the polycar- 
30 bonate. 

Results obtained are shown in Table 1 . 
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so 

Example 9 


Example 1 was repeated except that 500 ppm of Irgaphos 168. a product of Ciba-Geigy, was 
additionally added to the polycarbonate. 
55 Results obtained are shown in Table 2. 
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Table 2 


to 


J5 


20 


25 


Acid compound 
| mol ratio/NA+ 

Stabilizer 
i amount (ppm) 


Example 9 


H3PO3 


Irgaphos 168 
500 


j Initial physical properties 

IV (dl/g) 0.4S 

MFR (g/10 tnin) 16.6 

VI 1.80 


30 


After melt' stability test 
MFR (g/10 min) 
MFR rising ratio (%) 
YI 


16.9 
1.3 
1.90 


35 


Example to - 

A 250-liter tank type stirrer was charged with 0.44 kilo moles of bisphenol A (a product of Nippon GE 
Plastics Co., Ltd.) and 0.455 kilo moles of diphenyi carbonate {a product of Eni). and the stirrer was 
substituted with nitrogen, followed by melting at 140' C. 

Subsequently, the resulting solution was raised in temperature to 180'C, and 0.01 1 mole of boric acid 

45 was added, followed by stirring for 30 minutes. To the solution were added as catalysts 0.11 moles of 
tetramethylammonium hydroxide and 0.00044 mofes of sodium hydroxide, and the temperature was raised 
to 240 C and, at the same time, the pressure was gradually decreased to 30 mm Hg. Holding the 
temperature and pressure constant, the amount of phenol distilled was measured, and the pressure was 
restored to an atmospheric pressure by means of nitrogen at the point where no more phenol distilled. The 

50 time necessary for carrying out the reaction was 2 hours. An intrinsic viscosity [ n ] of the reaction product 
obtained was 0.12 dt/g. 

Subsequently, this reaction product was increased in pressure by means of a gear pump, fed into a 
centrifugal film evaporator, and the reaction was allowed to proceed. The temperature and pressure of the 
film evaporator were controlled so as to be maintained at 290 ' C and 2 mm Hg, respectively. 
55 Thereafter, this prepolymer was fed by means of an extruder at a rate of 40 kg/hr into a double-screw 
stirring polymerizer (UD = 3, a diameter of a stirring blade of 220 mm, an internal volume of 80 liters) 
controlled so as to be maintained at 290 "C and 0.2 mm Hg, and polymerized for a residence time of 30 
minutes. An intrinsic viscosity (IV) of the polymer obtained was 0.45 dl/g. 
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Phosphorous acid in an amount of 3 times the molecular quantify based on the amount of Na {0.09 
ppm) contained in the polycarbonate and 50 ppm of 3.4-epoxycyclohexylmethyl 3,4-epoxycyclohexanecar- 
boxylate as the epoxy compound were added to the polycarbonate thus obtained, and the mixture was 
:<neaded at 290' C by means of a single screw extruder of 40 mmtf manufactured by Nikko, followed by 
s peptizing. 

Results obtained are shown in Table 3. 

Examples U-15, Comparative Examples 2 

iq Example 10 was repeated except that in place of the phosphorous acid and 3.4-epoxycyclohexylmethyl 
3,4-epoxycyciohexanecarboxyiate, acid compounds and epoxy compounds as shown in Table 3 were used 
in amounts as indicated in Tabie 3. 

Results obtained are shown in Table 3. 

is Example 16 

Exami-ie 13 was repeated except that stabilizers as shown in Table 4 were additionally added in 
amounts -. s indicated in Table 3 to the polycarbonate. 
Resiitts obtained are shown in Table 3. 

20 

Comparative Example 3 

Example 16 was repeated except that the stabilizers as shown in Tabie 4 in the amounts as indicated in 
Table 3 were added to the polycarbonate but no acid compound and no epoxy compound were added 
25 thereto. 

Results obtained are shown in Table 3. 
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55 Example 17 


A 250-liter tank type stirrer was charged with 0.44 kilo moles of bisphenol A (a product of Nippon GE 
Plastics Co., Ltd.) and 0.45 kilo moles of diphenyl carbonate (a product of Eni), and the stirrer was 
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substituted with nitrogen, followed by dissolving at 140 ' C. 

Subsequently, the resulting solution was raised in temperature to 180*C, followed by stirring for 30 
minutes. To the solution were added as catalysts 0.11 moles of tetramethy (ammonium hydroxide and 
0.00044 moles of sodium hydroxide, and the temperature was raised to 240 *C and, at the same time, the 
5 pressure was gradually decreased to 30 mm Hg. Holding the temperature and pressure constant, the 
amount of phenol distilled was measured, and the pressure was restored to an atmospheric pressure by 
means of nitrogen at the point where no more phenol distilled. The time necessary for carrying out the 
reaction was 2 hours. An intrinsic viscosity h] of the reaction product obtained was 0.12 dl/g. 

Subsequently, this reaction product was increased in pressure by means of a gear pump, fed into a 
io centrifugal film evaporator, and the reaction was allowed to proceed. The temperature and pressure of the 
film evaporator were controlled so as to be maintained at 290* C and 2 mm Hg, respectively. ,l ' 

Thereafter, this prepolymer was fed by means of an extruder into a double-screw stirring polymeri2er 
(UD - 3, a diameter of a stirring blade of 220 mm. an internal volume of 80 liters) controlled so as to be 
maintained at 285* C and 0.2 mm Hg, and polymerized for a residence time of 30 minutes, 
is Thus formed polymer was fed by means of a gear pump into a double-screw extruder (UD - 17.5, a 
barrel temperature 285 ' C) and the polymer was kneaded with 0.05 parts by weight of Mark 2112E, 0.05 
parts by weight of Mark AO-50. 0.3 parts by weight of Thyasolve UV541 1 , 0.3 parts by weight of TSF437, 
0.05 parts by weight of Cerokiside 2021 P, 0.00006 parts by weight of Plast Violet 8840 and 0.00017 parts 
by weight of ethyl p-toluensulfonate (2 times mote/Na mole in the polymer) based on 100 parts by weight of 
20 the polymer. The polymer was passed through a die into a strand, followed by cutting into pellets. 
An intrinsic viscosity (IV) of the polymer obtained was 0.46 dl/g. 
Results obtained are shown in Table 4. 
TSF437: Mold release agent 

Toshiba Silicone Co. Ltd. 
25 Cerokiside 2021 P: an epoxy compound 

Daicel Chemical Co. Ltd. 
Alicycfic diepoxy carboxylate 
Plast Violet 8840: Colorant 

Arimoto Chemical Co. Ltd. 
30 Sulene type 

Comparative Example 4 

Example 17 was repeated except that the ethyl p-toluensulfonate was not added to the polycarbonate. 
35 Results obtained are shown in Table 4. 

Example 18 

Example 16 was repeated except that 0.44 kilo moles of bisphenol A and 1.3 moles of l.1,l-tris(4- 
40 hydroxyphenyl)ethane (0.3 mol%/bisphenoi A) were used as the aromatic dihydroxy compound and 
aromatic trihydroxy compound, respectively. The double-screw horizontal stirring polymerizer was main- 
tained at 302* C. 

Results obtained are shown in Table 5. 

45 Comparative Example 5 

Example 18 was repeated except that both the acid compound and epoxy compound were not used. 
Results obtained are shown in Table 5. 
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55 Preparative Example 2 

A 250-liter tank type stirrer was charged with 0.44 kilo moles of bisphenol A ( a product of Nippon GE 
Plastics Co., Ltd.) and 0.46 kilo moies of diphenyl carbonate {a product of Eni>, and the stirrer was 
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substituted with nitrogen, followed by dissolving at 140* C. 

Subsequently, the resulting solution was raised in temperature to 180* C, and 0.011 mole of boric acid 
was added, followed by stirring for 30 minutes. To the solution were added as catalysts 0.1 1 moles of 
tetramethylammonium hydroxide and 0.00044 moles of sodium hydroxide, and the temperature was raised 
to 240 C and, at the same time, the pressure was gradually decreased to 30 mm Hg. Holding the 
temperature and pressure constant, the amount of phenol distilled was measured, and the pressure was 
restored to an atsmopheric pressure by means of nitrogen at the point where no more phenol distilled. The 
time necessary for carrying out the reaction was 2 hours. An intrinsic viscosity [ n ] of the reaction product 
obtained was 0.12 dl/g. 

Subsequently, this reaction product was increased in pressure by means of a gear pump, fed into a 
centrifugal film evaporator, and the reaction was allowed to proceed. The temperature and presstice of the 
film evaporator were controlled so as to be maintained at 270* C and 2 mm Hg, respectively. 

Thereafter, this prepolymer was fed by means of an extruder at a rate of 40 kg/hr into a double-screw 
stirring polymerizer (UO = 3. a diameter of a stirring blade of 220 mm. an internal volume of 80 liters) 
controlled so as to be maintained at 270 * C and 0.2 mm Hg, and polymerized for a residence time of 30 
minutes. 

An intrinsic viscosity (IV) of the polymer obtained was 0.36 dl/g. An amount of Na contained in the 
polymer was 0.09 ppm. 

Preparative Example 3 

A 250-iiter tank type stirrer was charged with 0.44 kilo moles of bisphenol A (a product of Nippon GE 
Plastics Co., Ltd.) and 0.45 kilo moles of diphenyl carbonate (a product of Eni), and the stirrer was 
substituted with nitrogen, followed by melting at .140* C. 

Subsequently, the resulting solution was raised in temperature to 180*C, and 0.0011 mofe of boric acid 
was added, followed by stirring for 30 minutes. To the solution were added as catalysts 0.11 moles of 
tetramethylammonium hydroxide and 0.00044 moles of sodium hydroxide, and the temperature was raised 
to 240 C and, at the same time, the pressure was gradually decreased to 30 mm Hg. Holding the 
temperature and pressure constant, the amount of phenol distilled was measured, and the pressure was 
restored to an atmospheric pressure by means of nitrogen at the point where no more phenol distilled. The 
time necessary for carrying out the reaction was 2 hours. An intrinsic viscosity [ n ] of the reaction product 
obtained was 0.12 dl/g. 

Subsequently this reaction product was increased in pressure by means of a gear pump, fed into a 
centrifugal film evaporator, and the reaction was allowed to proceed. The temperature and pressure of the 
film evaporator were controlled so as to be maintained at 295 ' C and 2 mm Hg, respectively. 

Thereafter, this prepolymer was fed by means of an extruder at a rate of 40 kg/hr into a double-screw 
stirring polymerizer {L/D = 3. a diameter of a stirring blade of 220 mm, an internal volume of 80 liter) 
controlled so as to be maintained at 300 'C and 0.2 mm Hg, and polymerized for a residence time of 30 
minutes. An intrinsic viscosity (IV) of the polymer obtained was 0.54 dl/g. An amount of Na contained in the 
polymer was 0.09 ppm. 

Example 19 

To the polycarbonate obtained in Preparative Example 2 was added phosphorous acid (H3PO3) in an 
amount of three times the moiar quantity based on the amount of Na (0.09 ppm) contained in the 
polycarbonate, and the resulting mixture was subjected to pressure reducing treatment for removing low 
boiling matters such as residual monomers from the polycarbonate using the same type double-screw 
horizontal stirring polymerizer as used in Preparative Example 2 by stirring the mixture for 15 minutes at 
300 *C and 0.2 mm Hg. 

Results obtained are shown in Table 6. 

Examples 20-22 

Example 19 was repeated except that polycarbonates and acid compounds as shown in Table e were 
used in amounts as indicated in Table 6. 
Results obtained are shown in Table 6. 


Example 23 
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Example 22 was repeated except that the pressure reducing treatment was carried out using a double- 
screw bent extruder (L/D = 42, 40 mmtf) operated at a reduced pressure of 30 mm Hg and a barrel 
temperature of 295 C. 

Results obtained are shown in Table 6. 

5 

Example 24 

Example 19 was repeated except that an epoxy compound (Cerokiside 2021 P) was also added together 
with phosphorous acid in an amount of 0.02 part by weight based on 100 parts by weight ot the 
w polycarbonate. 

Results obtained are shown in Table 6. 11 • 

Example 25 

15 Example 22 was repeated except that an epoxy compound {Cerokiside 2021 P) was also added together 
with p-toluensulfonic acid in an amount of 0.01 part by weight based on 100 parts by weight of the 
polycarbonate. . 

Results obtained are shown in Table 6. 

20 Comparative Examples 5*7 

Physical properties of the polycarbonate resins obtained respectively in Examples 19 and 21 were 
measured. 

Results obtained are shown in Table 6. 

25 

Comparative Examples 8-9 

Polycarbonates, as shown in Table 6 were individually subjected to the same pressure reducing 
treatment as in Example 19 but using no acid compound. 
jo Results obtained are shown in Table 6. 

Comparative Example 10 

A polycarbonate as shown in TablB 6 was subjected to the same pressure reducing treatment as in 
35 Example 23 but using no acid compound. 

Results obtained are shown in Table 6. 
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Claims 

55 

1. In a process for preparing an aromatic polycarbonate by melt polycondensation of an aromatic 
dihydroxy compound with a carbonic acid diester in the presence of an alkaline compound catalyst, the 
improvement which comprises adding an acid compound to a reaction product resulting from the melt 


EP 0 435 124 A2 


poiycondensation reaction. 

2. In a process for preparing an aromatic polycarbonate by melt poiycondensation of an aromatic 
dihydroxy compound with a carbonic acid diester in the presence of an alkaline compound catalyst, the 

5 improvement which comprises adding an acid compound and an epoxy compound to a reaction 
product resulting from the melt polycon- densation reaction. 

3. In a process for preparing an aromatic polycarbonate by melt poiycondensation of an aromatic 
dihydroxy compound with a carbonic acid diester in the presence of an alkaline compound catalyst,. the 

w improvement which comprises adding an acid compound to a reaction product resulting from the melt 
poiycondensation reaction, followed by pressure reducing treatment. 

4. In a process for preparing an aromatic polycarbonate by melt poiycondensation of an aromatic 
dihydroxy compound with a carbonic acid diester in the presence of at least one kind of alkaline 

is compound catalyst, the improvement which comprises adding an acid compound and an epoxy 
compound to a reaction product resulting from the melt poiycondensation reaction, followed by 
pressure reducing treatment. 

5. The process for preparing an aromatic polycarbonate as claimed in any of claims 1-4 wherein the 
20 alkaline compound catalyst contains (a) an alkali metal compound and/or an alkaline earth metal 

compound in an amount of not more than 10" mole based on one mole of the aromatic dihydroxy 
compound. 

6. The process for preparing an aromatic polycarbonate as claimed in any of claims 1-4 wherein the 
25 alkaline compound catalyst contains (a) an alkali metal compound and/or an alkaline earth metal 

compound in an amount of not more than 10* 4 mole oased on one mole of the aromatic dihydroxy 
compound, and (b) a nitrogen containing basic compound. 

7. The process for preparing an aromatic polycarbonate as claimed in any of claims 1-4 wherein the 
30 alkaline compound catalyst contains (a) an alkali metal compound and/or an alkaline earth metal 

compound in an amount of not more than 10" 4 mole based on one mole of the aromatic dihydroxy 
compound, and (b) boric acid or boric acid ester. 

8. The process for preparing an aromatic polycarbonate as claimed in any of claims 1-4 wherein the 
35 alkaline compound catalyst contains (a) an alkali metal compound and/or an alkaline earth metal 

compound in an amount of not more than 10"* mole based on one mole of the aromatic dihydroxy 
compound, (b) a nitrogen containing basic compound, and (c) boric acid or boric acid ester. 

9. The process for preparing an aromatic polycarbonate as claimed in any of claims 1-4 wherein the alkali 
40 metal compound and/or the alkaline earth metal compound is used in an amount of 10* 7 - 3 X 10' 5 mole 

based on one mole of the aromatic dihydroxy compound. 

10. The process for preparing an aromatic polycarbonate as claimed in any of claims 1-4 wherein the alkali 
metal compound and/or the alkaline earth metal compound is used in an amount of tO' 7 * 2 X 10* 6 mole 

45 based on one mole of the aromatic dihydroxy compound. 

11. The process for preparing an aromatic polycarbonate as claimed in any of claims 1-4 wherein the acid 
compound is Bronsted acid, Lewis acid or ester of acid containing a sulfur atom of which acid residue 
having pKa of not more than 3. 

50 

12. The process for preparing an aromatic polycarbonate as claimed in any of claims 1-4 wherein the acid 
compound is used in an amount of 0.1-50 moles based on one mole of the sum of the alkali metaJ 
compound and/or the alkaline earth metal compound. 

55 13. The process for preparing an aromatic polycarbonate as claimed in claim 10 wherein the Lewis acid is 
used in an amount of 0.1-30 moles based on one mote of the sum of the alkali metal compound and/or 
the alkaline earth metal compound, and the Bronsted acid or the ester of acid containing a sulfur atom 
is used similarly in an amount of 0.1-7 moles. 
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14. The process for preparing an aromatic polycarbonate as claimed in claims 1-4 wherein pKa of the acid 
compound in water at 25 " C is not more than 3. 

15: The process for preparing an aromatic polycarbonate as claimed in claims 1-4 wherein the acid 
compound contains a sulfur atom or phosphorus atom. 

16. An aromatic polycarbonate composition comprises 

(i) an aromatic polycarbonate obtained by allowing an aromatic dihydroxy compound and a carbonic 
acid diester to under melt polycondensation in the presence of an alkaline catafyst. and 

(ii) acid compound, wherein an amount of the acid compound is 0.1-50 moles based on'one mole of 
the sum of the alkali metal compound and/or alkaline earth metal compound. x 

17. The aromatic polycarbonate composition as claimed in claim 16 wherein the amount of the acid 
compound is 0.1-7 moles based on one mofe of the sum of the alkali metal compound and/or the 
alkaline earth metal compound. 

18. An aromatic polycarbonate composition comprises 

(i) an aromatic polycarbonate obtained by allowing an aromatic dihydroxy compound and a carbonic 
acid diester to undergo melt polycondensation in the presence of an alkaline catalyst. 

(ii) an acid compound, and 

<iii) an epoxy compound wherein an amount of the acid compound is 0.1-50 moles based' on one 
mole of the sum of the alkali metal compound and/or the alkaline earth metal compound and. an 
amount of the epoxy compound is 0.001-0.1 part by weight based on 100 parts by weight of the 
aromatic polycarbonate. 

19. The aromatic polycarbonate composition wherein the acid compound is Bronsted acid. Lewis acid or. 
ester of acid containing a sulfur atom. 

20. The aromatic polycarbonate composition wherein pKa of at least one kind of an acid residue of the 
ester of strong acid containing a sulfur atom is not more than 3. 
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